Ground squirrels are often described as preferring open grassland habitats to increase their chances of locating predatory threats while visually surveying their surroundings. This description is often based on the assumption that ground squirrels require clear views to promote detection of predators. We studied a population of Uinta ground squirrels (Spermophilus armatus) inhabiting patches of grassland and sagebrush in the northern range of Yellowstone National Park to determine if the presence of view-obstructing vegetation would be associated with differences in vigilance behavior of individuals. We also compared rates of weight gain and population estimates in grassland and sagebrush patches to determine if these factors would vary in association with differences in time budgets and perceived risk of predation in these patch types. Although there were differences among sites in time spent foraging and maintaining vigilance, these differences were not consistent between sites of similar habitat and degree of visual obstruction. These results suggest that the relationship between visibility and vigilance for this species may be complicated by the dual nature of shrubs as visual obstructions and as protection from attacking predators. The relationship between these 2 factors will likely influence how prey species respond to alterations to the vegetative structure of their environments. Ground squirrels, specifically, appear to be capable of adapting to variation in the structure of the vegetation and will likely thrive as long as an abundance of grasses are available to provide fattening seeds for forage.
Changes in composition and structure of vegetation that occur after disturbances are known to have an impact on the distribution and abundance of small-mammal communities that inhabit the area (Abramsky 1988; Hunter and Price 1994; Parker 1989; Parmenter and MacMahon 1983; Powell and Brooks 1981) . The manner in which each species is likely to respond to changes in composition of shrubs and grasses will largely depend on their antipredator strategies such as concealment, detection behavior, and degree of sociality (Elgar 1989; Lima and Dill 1990) . Numerous studies and reviews have assessed how prey species differ in their vigilance response when inhabiting patches of vegetation where their exposures to hunting predators are comparable (Berger and Cunningham 1988; Cords 1990; Fitzgibbon 1990; Lima and Dill 1990; Lingle and Wilson 2001; Scheel 1993; Underwood 1982) . These variations in response result from the contrasting functions of cover: to act as both a refuge from predators and as an obstruction to viewing predatory threats (Arenz and Leger 1999; Lima 1998; Tchabovsky et al. 2001) . Animals that rely on clear views to spot predators would likely treat cover as an obstruction while scanning for predators and as potentially concealing predatory threats (Lima and Dill 1990) . This reduced ability to detect predators may have direct or indirect negative impacts despite the potential increase in refuges from predators provided by cover (Hik et al. 2001) . Direct effects involve death of individuals through predation (Boutin 1995; Sinclair and Pech 1996) ; indirect effects involve changes in behavior and foraging success (Hik 1995; Lima 1998; Lima and Dill 1990) .
Variation in behavior occurs in response to varying ability to detect predators, because prey must adjust their behavior to arrive at an appropriate trade-off between benefits of energy intake and ultimate costs of an early death due to predation (Lima 1998) . To balance these factors, animals may differ in time spent in antipredator vigilance and foraging behavior depending on their nutritional needs and level of perceived risk from predation (Houston et al. 1993 ). Many studies have reported changes in foraging behavior due to variations in cover and interpret this change as an adaptation to an increase in perceived predation risk (Cresswell 1994 , Lazarus and Symonds 1992 , Metcalfe 1984 , Underwood 1982 . Thus, individuals inhabiting areas where the threat of predation is perceived to be high will likely increase their vigilance relative to their foraging time (Armitage 1982; Lima 1998; Quenette 1990 ).
To determine how differing abilities to see predators can impact behavior and population dynamics of a prey species, we studied a population of Uinta ground squirrels (Spermophilus armatus) inhabiting an environment of intermingled patches of grasses and shrubs located in the lower Lamar Valley of Yellowstone National Park. The Uinta ground squirrel is diurnal, lives in loosely associated aggregations, and must periodically interrupt foraging to visually scan its environment. The purpose of these scans is to determine alternative foraging locations, to locate conspecifics, and especially to assess the presence and behavior of predators (Arenz and Leger 1997) . This system of defense makes ground squirrels vigilant and highly dependent on vision and thus researchers such as Arenz and Leger (1999) have assumed that ground squirrels perceive visual obstructions as increasing their predation risk, regardless of the possibility that predators may experience concurrent difficulties in prey detection.
A reduction in predator-detection capability is likely to have adverse effects on species such as Uinta ground squirrels because they must meet substantial nutritional requirements during a limited active season while coping with high predation pressures from coyotes (Canis latrans- Wells and Bekoff 1982) , badgers (Taxidea taxus- Minta et al. 1992) , long-tailed weasels (Mustela frenata), and several species of eagles, hawks, and falcons (Balph 1984) . The short-term demands of predator avoidance must be balanced with the long-term need to build fat reserves for an extended hibernation period of 8 to 9 months and the defense of territory for reproductive activities immediately after emergence the following spring. Uinta ground squirrels do not store food for use during the winter, so failure to build sufficient fat reserves can lead to long-term consequences such as lower survival (Foltz et al. 1988; Michener and Locklear 1990; Sauer and Slade 1987) and reduced reproductive success (Karels et al. 2000) ; thus habitats where foraging time must be sacrificed for increased vigilance of predators may be selectively avoided.
If the primary effect of vegetative cover is to reduce the visibility of predators, we predicted that squirrels would spend more time being vigilant in patches of shrubs than in patches of grass. As vigilance increases, foraging time should decrease, leading to the long-term effects of lower rates of weight gain during the active season for animals in the shrub patches. Ultimately, these negative impacts of reduced visibility of predators should result in fewer squirrels inhabiting shrub patches as animals attempt to settle in areas with open views of the surroundings.
These predictions follow from the assumption that cover has a greater adverse effect on ability of squirrels to detect predators than on ability of predators to capture squirrels (Arenz and Leger 1999; Sharpe and Van Horne 1998) . If instead cover provides a refuge from predators, Uinta ground squirrels might spend less time being vigilant, gain weight faster, and maintain larger populations in shrub patches than in grass patches. Finally, detrimental effects of cover on detectability of predators might balance beneficial effects on ability to escape predators, resulting in no differences in time budgets, rates of weight gain, and population sizes in shrub and grass patches, at least for Uinta ground squirrels at our study site.
MATERIALS AND METHODS
Study area and study sites.-We conducted this study in the lower Lamar Valley in the northern range of Yellowstone National Park, Wyoming (448589N, 1108429E). Despain (1990) described the physical environment of the region in detail. The valley is typical of the shrub-steppe habitat found throughout the intermountain west. There are large patches of grassland containing mainly Idaho fescue (Festuca idahoensis) and bearded wheatgrass (Agropyron caninum). These grasslands are intermixed with shrub patches of varying densities and structure containing mainly big sagebrush (Artemisia tridentata) and gray rabbitbrush (Chrysothamnus nauseosus) with an understory of Idaho fescue. Succulent forbs such as lupine (Lupinus laxiflorus) thrive in the grasslands during the wet springs. The leaves and seeds of these grasses and forbs are the main source of nutrition for Uinta ground squirrels, comprising nearly 90% of their diet. The rest of the diet consists of sagebrush leaves, roots, earthworms, and carrion (Eshelman and Sonnemann 2000) .
We chose 5 study sites differing in visual obstruction caused by the vegetation. The sites represented grassland, low sagebrush, and tall sagebrush habitats. We selected 2 sites for the grassland and low sagebrush habitat types but found only 1 population of ground squirrels in a tall sagebrush patch. The 2 open grassland sites contained few shrubs and provided clear views of the surroundings. Individuals here could readily spot predators, but were vulnerable to being spotted by predators themselves. The 2 low sagebrush sites consisted of dense patches of the Wyoming sagebrush (Artemesia tridentata wyomingensis), which is a short, wide sagebrush (,1.5 m tall) that creates considerable obstruction for squirrels attempting to observe their surroundings. The tall sagebrush site was dominated by the Great Basin big sagebrush (Artemesia tridentata tridentata), which is typically .2 m tall and has a thin stalk and overhanging canopies. The structure of these shrubs provides a relatively more open view for terrestrial predators, but the canopies probably limit viewing of aerial predators more than in low sagebrush sites. All 3 sagebrush sites had an abundance of grasses and forbs in their understories.
We estimated percentage cover of forbs, grasses (including fresh green grass and dry grass), shrubs, bare ground, and rock in circles of 1-m radius at 25 random points at each site. Vegetation measurements occurred in August, when grasses were beginning to desiccate and squirrels were beginning to enter hibernation. Dried grasses were likely green a short time previously, so we combined dry grasses and green grasses to represent food availability when squirrels were preparing for hibernation.
Trapping and marking procedures.-To collect behavioral data on known individuals, we trapped and marked animals from late May to mid-August in 2001 and 2002. Late May is the approximate time that young are weaned and 1st come aboveground and mid-August is the approximate time of entry into hibernation. All protocols and procedures used in our research were approved by the Animal Care and Use Committee of the University of Nevada, Reno and followed American Society of Mammologists guidelines (Animal Care and Use Committee 1998). We placed 10 Â 11 Â 33 cm Sherman traps in 7 Â 7 grids with 15-m spacing at each site. Traps were baited with peanut butter and rolled oats. Cedar shingles were placed on each trap to reduce exposure to the sun. We collected behavioral and demographic data during 3 successive 3-week sessions each year (25 May to 20 June, 21 June to 15 July, and 16 July to 7 August). We collected data at each site for 7-10 days during each session. Animals were captured, marked, and then observed in the following sequence during each session: one grassland and the tall sage site the 1st week, both low sage sites the next week, and the 2nd grassland site the final week. The order of data collection was chosen randomly for the 1st session and then repeated for the remainder of the study.
At each site during each session, we trapped the population for approximately 5 days to assign and reapply marks and collect demographic information on individual ground squirrels. Behavioral data on these individuals were collected throughout the trapping period plus an additional 2 days after the traps were removed. Trapping occurred during the first 2 h after sunrise to coincide with the major aboveground activity period (Morse 1978) . We checked traps within 2-4 h of being opened to prevent mortalities due to overheating. Traps were then closed and reopened the next morning when needed. Ground squirrels were quickly and consistently captured after an initial few days as they investigated the traps. We recorded sex and body mass of all captured individuals, applied a uniquely numbered ear tag (National Band and Tag Company, Newport, Kentucky) for permanent identification and made a unique symbol on the back of each animal with black hair dye (Clairol, London, United Kingdom) for visual identification.
Predator detection.-We used the method described by Sharpe and Van Horne (1998) to establish an index of the maximum distances at which ground squirrels could detect terrestrial predators in both bipedal and quadrupedal postures. They determined this distance by having a person move slowly away from the observer along a measured transect while holding a 30 Â 30-cm board 20 cm above the ground, which symbolized a potential terrestrial predator of ground squirrels. This person moved away from an observer who determined the maximum distance that they could effectively see the symbolized predator while looking through a board with eyeholes cut out at heights that would represent an animal using the quadrupedal posture (5 cm off the ground) and the bipedal posture (13 cm off the ground). We were interested in how often each posture was used because, although ground squirrels can increase their viewing distance by standing on their hind legs, this also makes them more susceptible to being spotted by predators. We determined this distance in all 4 cardinal directions at the 7 trap locations that were located along the diagonal from the northeast corner of our trap grid to its southwest corner. We also obtained measurements at the 2 remaining corners of our trap grid; thus we obtained measurements at 9 trap locations providing us with a total of 36 determinations at each site. We believe that these measurements indicate relative differences in visibility of predators to bipedal and quadrupedal ground squirrels in different habitats, although they are not absolute measures of visibility.
Behavioral observations.-We observed marked animals through spotting scopes and binoculars to generate time budgets of aboveground activity. The landscape had many large boulders, which we sat on to gain a better vantage point for observations. Once an individual was found and identified, we waited 1 min to reduce the possibility that it was reacting to the observers. These animals habituated quickly to humans and did not seem to see distant observers as a threat. For example, our presence at a site did not stimulate warning calls by the squirrels.
We attempted to observe as many individuals as possible for up to 30 min/day using instantaneous sampling methods on a single focal animal at a time as described by Martin and Bateson (1986) . We used a 10-s interval between behavioral determinations on the observed focal animal. We followed this individual until the animal could no longer be seen or 30 min had passed and then sought out another animal to observe. If an individual was not observed for at least 2 min in a day, observations for that animal on that day were not included in the analysis, so all animals included in the analysis had a minimum of 12 and a maximum of 180 behavioral determinations in a day. We then converted these values to proportions of time for each behavior for analysis.
Attempts were made to sample age and sex classes equally. Behaviors were classified as 1) foraging (chewing between bites with head up for ,3 s or chewing while sitting on haunches), 2) vigilance in either the quadrupedal or bipedal posture or perched in a shrub and not foraging, 3) locomotion (walking or running), 4) preening, 5) socializing, and 6) other (e.g., burrowing).
Statistical analysis.-For each squirrel, the proportion of time spent in each behavior was determined by summing all observations during each week-long session. So, although our protocol of following an individual for a maximum of 30 min in a day would only yield a maximum of 180 behavioral determinations in any given day, animals observed on multiple days within a session may have more than 180 determinations used in the analysis. The numbers of recorded behaviors per individual per session varied from as few as 12 to as many as 382, with a mean of 74.97. We followed Sharpe and Van Horne (1998) in limiting our analysis to foraging and vigilance behavior, therefore reducing problems associated with analysis of complete sets of proportions that sum to 1.0 (Aebischer et al. 1993 ). This was appropriate because our main focus was the trade-off between foraging and vigilance behavior and these were the most frequent behaviors. Although the arcsine transformation is often used for proportional data, applying this transformation did not produce normally distributed data on foraging and vigilance. Therefore we used power transformations, selecting parameters as recommended by Neter et al. (1996) .
Thirty-four of the 136 squirrels observed during the study were sampled in more than 1 session. For the 34 animals with multiple observations, we examined scatterplots of residuals from the proportional behavior data on these individuals and obtained a Pearson's correlation coefficient (r) and P values for a test of zero correlation. If the residuals from the 1st and 2nd observations of these squirrels were correlated, it would be apparent in a scatterplot and test of correlation. We found no significant correlation between sessions in the proportion of time spent in bipedal vigilance (r ¼ 0.10, P ¼ 0.569), quadrupedal vigilance (r ¼ 0.12, P ¼ 0.487), total time foraging (r ¼ 0.19, P ¼ 0.291), or total time vigilant (r ¼ 0.22, P ¼ 0.202). We feel these results, along with the assumption of independence of behavioral data acquired across seasons demonstrated in the literature (Ebensperger and Hurtado 2005) , justify our treatment of the relatively small number of repeated observations on individuals in multiple sessions as independent samples. Because we collapsed all our data on individuals down to 1 entry per session and determined that there was independence between sessions, we did not use a repeated measures design in our analysis despite the multiple observations on some individuals.
As described, our ability to follow individuals during observations varied widely, and therefore we weighted the data for each individual in each session by the square root of the number of recorded behaviors for that individual and session, to account for the fact that more records would provide a more accurate picture of the behavioral profile of an individual. We feel that weighting the data was necessary to reduce the impact that the time an individual was observed may have on our final analysis because we had occurrences in our data set in which an individual being viewed for only a brief period of time may only be seen exhibiting one behavior before the animal escaped our view. Once the weighting value was applied, we used a generalized least squares model to analyze the behavioral data set (Pinheiro and Bates 2000) .
Because we were primarily concerned with site differences, each individual was treated as a random effect in the behavior analysis. For each behavioral response variable, a linear mixed-effects model was fit to the data with site as the fixed effect. A random intercept was included for each individual within each session at each site. This model acknowledges differences in individual means and includes these differences in variance calculations, but focuses on site differences. Group size was not included as a covariate in our analysis because previous research on ground squirrels had found no evidence for the ''many-eyes'' hypothesis put forth by Pulliam (1973) as an explanation for differences in vigilance among habitats (Sharpe and Van Horne 1998) . We also felt that the fluidity of the population made this factor highly variable even within the 30-min behavioral observation period and thus not effective.
We classified individuals as either adults or juveniles as follows. First, animals initially observed before ordinal day 180 of each year were classified using a simple threshold of 250 g for males and 215 g for females. Then, these individuals were tracked through the summer through recaptures and used to develop regressions of weight versus date for adult males, adult females, and juveniles. Because the data were repeated measures on a set of individuals, individual random effects were included to account for autocorrelation of individual weights. These regressions were used to compute the likelihood, at initial weighing, of a new, unclassified individual being an adult male, adult female, or juvenile. If the new individual was a male, it was classified as an adult or juvenile based on which of these two classes had the highest likelihood, and similarly if the new individual was a female.
Seasonal weight profiles were generated to determine how weight varied over the active season by each age-sex class, which included adult males, adult females, and juveniles. We selected ordinal day 187 (27 June) to compare estimated mean weights of individuals at each site because it was shortly after the beginning of the 2nd trapping session, when most adult females had completed gestation and lactation and both sexes were gaining weight in preparation for hibernation. We believed that this time would effectively reflect the general health of individuals without reproductive costs continuing to influence their weight.
To compare mean weights of each sex class by site, we fit a regression model with a common weight-gain profile for each of these classes. For each class, weight was modeled as a 2nd order polynomial of time. The intercept was allowed to vary and a random intercept and slope was used to account for expected serial correlation within individual squirrels. The fitted model was used to estimate mean weight and variance for each category of site, year, and age-sex class on ordinal day 187 (27 June).
We derived population estimates from these mark-recapture data using the behavioral heterogeneity (M b ) model (Otis et al. 1978 ). This model is used when recapture probability of an animal differs substantially from probability of initial capture (Otis et al. 1978) . Previous research and our own observations showed that Uinta ground squirrels often exhibit ''trap-happy'' behavior (Balph 1968) , justifying the M b model. We derived separate population estimates for adults and juveniles by classifying individuals as described above. We compared population sizes among sites by fitting 2 models and comparing them with a likelihood ratio test. The full model allowed a different slope and intercept for each site whereas the reduced model fit the same slope and intercept for all sites.
RESULTS
We obtained 36 measurements of terrestrial predatordetection distance at each of the 5 sites for a total of 180 observations. Both bipedal and quadrupedal ground squirrels were likely able to detect terrestrial predators at much greater distances in the 2 grassland sites than in the 3 sites dominated by sagebrush, based on our estimate for bipedal detection distance ( Fig. 1; F ¼ 33, d .f. ¼ 4, 175, P , 0.001) compared to our estimate for quadrupedal distance (F ¼ 16, d.f. ¼ 4, 175, P , 0.001). Within each site, viewing range was significantly greater with the bipedal posture than with the quadrupedal posture ( Fig. 1 ; paired t-tests, all d.f. ¼ 35, all P , 0.001). Although these measurements do not directly measure the distance an individual squirrel could see while we were recording behavioral data, the differences in absolute distances shown in Fig. 1 comparing visibility among sites and between postures are dramatic, therefore we feel they clearly demonstrate that animals inhabiting sagebrush habitats were forced to adapt to a higher degree of visual obstruction while foraging and could enhance their ability to view their surroundings by using the bipedal posture.
FIG. 1.-Estimated distances (
X þ SE) for visual detection of terrestrial predators from eye height of Uinta ground squirrels, assuming quadrupedal and bipedal stances, at 5 sites. For each posture, grassland sites were significantly different from the low sage and tall sage sites. Sagebrush sites were not significantly different from each other. Estimates were based on an observer viewing Grass cover was about 65-75% at all sagebrush sites as well as at grassland sites (Fig. 2 ). There were significant differences in shrub cover between sites (F ¼ 2.940, d.f. ¼ 4, P ¼ 0.023). Forb cover was ,20% at all sites, but greatest at the grassland sites. There were significant differences among sites in proportion of cover of the primary foods for squirrels (F ¼ 4.96, d.f. ¼ 4, 120, P ¼ 0.001 for grasses; F ¼ 8.78, d.f. ¼ 4, 120, P , 0.001 for forbs). Inspection of Fig. 2 , however, shows that grasses were abundant at each site and that the 2 grassland sites, which had lower than average cover of grass, seemingly due to lack of shade as well as grazing pressure and trampling from large ungulates, also had greater cover of forbs, which are valuable forage during the active season. Therefore, we believe that forage availability was probably comparable between habitats.
We collected 13,717 records of behavior during 181 observational sessions on a total of 136 unique animals. Most of the behavioral observations were made during the first 6 h after sunrise. The squirrels were primarily active in the first 4 h after sunrise. Aboveground activity levels were very low after that and data collection became difficult. As for other species of ground squirrels (Leger et al. 1983; Sharpe and Van Horne 1998) , most aboveground time was spent either foraging (34%), maintaining vigilance (41%), or in motion (16%). There was a strong negative correlation between time spent foraging and vigilance (Pearson correlation ¼ À0.782), indicating a trade-off. Preliminary analyses showed that there were no significant effects due to year on proportion of time foraging, bipedal vigilance, quadrupedal vigilance, and overall vigilance (all d.f. ¼ 1, 151, all P . 0.153), and the interaction between sex and site was significant for all behaviors indicating that there were no consistent effects as a result of sex; thus year and sex were not included in our final statistical model. There were significant differences in foraging and vigilance among sessions within years.
Analysis of our final model showed significant differences among sites in proportion of time spent foraging (F ¼ 2.93, d.f. ¼ 4, 176, P ¼ 0.0223) and in proportion of time spent vigilant (F ¼ 2.62, d.f. ¼ 4, 176, P ¼ 0.0364). However, squirrels devoted the least time to vigilance in the low sagebrush sites, the most time to vigilance in the tall sagebrush site, and intermediate amounts of time to vigilance in the grassland sites (Fig. 3) . This is in contrast to the prediction that squirrels should be the most vigilant in sites with high shrub cover (low sagebrush sites) if cover reduces visibility of predators and increases the perceived risk of predation. Time spent foraging was complementary to time devoted to vigilance (Fig. 3) . Squirrels used bipedal vigilance most often in the tall sagebrush site, next most often in the grassland sites, and least often in the low sagebrush sites (Fig. 3) . In both of the low sagebrush sites, use of bipedal vigilance was greater than use of the quadrupdal posture. Site was a significant factor for bipedal vigilance ( Fig. 3; F ¼ 5.25, d .f. ¼ 4, 176, P ¼ 0.005). There were no significant differences among sites in use of quadrupedal vigilance ( Fig. 3; F 
Estimated weights of adult females, adult males, and juveniles on 27 June differed among sites ( Fig. 4; F ¼ 3.91, 
FIG. 2.-Percentage cover (
X þ SE) of grasses, shrubs, forbs, and bare ground at 5 study sites. d.f. ¼ 4, 1274, P ¼ 0.004); however, the 3-way interaction among age-sex class, year, and site was also significant (F ¼ 2.06, d.f. ¼ 8, 1274, P ¼ 0.037). Weight differences among sites were inconsistent between years and were not clearly related to habitat (Fig. 4) . Our trapping efforts resulted in 1,935 total captures from all 5 sites. Time courses of estimated numbers of individuals derived from these data differed significantly among sites for adult females and juveniles in 2002 (Fig. 5 ). These differences, however, were not consistent between years or habitats. For example, all sagebrush sites had higher numbers of adult females through midsummer in 2002, but all sites except the 2nd low sagebrush site had similar numbers of adult females throughout the summer in 2001. The unusually large number of adult females at the 2nd low sagebrush site in 2002 may have been due to the large number of juveniles recruited there the previous year (Fig. 5) . However, the 2nd grassland site also had a large number of juveniles in 2001, but adult numbers were not particularly high the following year.
DISCUSSION
Understanding the interactions between predators and prey is fundamental to comprehending their distribution and abundance, particularly as environments change in ways that can influence predator-prey interactions. Changes in vegetation will influence the forage available to prey species as well as the amount of cover, which affects vulnerability to predation. When grasslands are converted to shrub-dominated habitats or vice versa, there are changes in the ease with which predators can detect and capture prey. Because of this, an individual's ability to detect a threat is probably an important factor in habitat selection and survival. For example, Uinta ground squirrels are described as preferring open, grassy habitats (Eshelman and Sonnemann 2000; Foresman 2001; Slade and Balph 1974) , presumably because of the availability of food and the ease of visually detecting predators in these habitats compared to shrub-dominated habitats.
We believe that the variation in visibility was the most influential factor that ground squirrels were forced to adapt to among our study sites. Total ground cover was similar between sites with grasses and forbs covering .75% of the surface at all sites. Based on our observation of lush growth of herbaceous vegetation in the understory of sites dominated by sagebrush, we think it unlikely that ground squirrel populations were limited by food at any of our sites. Although we do not have experimental evidence supporting this assumption, we emphasize differences among sites in detectability of predators in interpreting our results.
Assuming that ground squirrels rely on open views for predator detection, we expected to find evidence for our 1st hypothesis: that habitats with shrubs are disadvantageous for ground squirrels because of increased risks of predation or increased costs of vigilance. Although there were differences in vigilance and foraging rates between sites, these differences were not consistent between habitat types and the mean rates of overall vigilance at grassland sites were at least as high as those at low sage sites, despite our determination that individuals could apparently spot predatory threats with less difficulty at grassland sites. The animals did not appear to respond to reduced visibility with an increased perception of risk from predators.
The increased use of bipedal vigilance in grasslands where use of the bipedal posture greatly enhanced the animals' viewing range compared to low sagebrush sites is an indication that these animals are making some adjustments in their behavior in response to variation in predator detection. Animals in both low sage sites used the quadrupedal posture far more than the bipedal posture. For animals in these habitats the increased distance that an animal could see by using the bipedal posture was small and may not have provided enough benefit for the added risk of being spotted by predators. The highest use of bipedal vigilance, however, was in tall sagebrush habitats. This result is not consistent with our predictions, but may be due to the height of the grasses, which were taller and thicker in the relatively moist area where the tall sage had established than in the drier grasslands and low sage habitats, perhaps causing quadrupedal vigilance to be less effective. Animals in the one tall sage site appeared to be much more vigilant than at the other sites, with a subsequent reduction in time spent foraging, yet animals at the tall sage site did not appear to suffer the long-term consequence of reduced weight as a result of this. Unfortunately, we were unable to estimate the survival probabilities of individuals inhabiting each site to assess their vulnerability to predation, but the similar population numbers and weight profiles between habitats suggests that animals in each habitat did not differ in indirect or direct effects of predation due to reduced visibility of predators.
Instead, our results are consistent with the hypothesis that the detrimental effects of cover on detectability of predators were balanced by the beneficial effects of cover for predator avoidance, because there were no apparent differences in time budgets, body weights, or population sizes in shrub and grass habitats for Uinta ground squirrels at our study site. The absence of consistent behavioral differences between sites of similar habitat contrasts with results for thirteen-lined ground squirrels (Arenz and Leger 1997 ) and Townsend's ground squirrels (Sharpe and Van Horne 1998) , where reduced visibility resulted in increased vigilance. These conflicting results may be due to the types of visual obstruction present in each study. Arenz and Leger (1997) used large artificial blinders to block views of thirteen-lined ground squirrels. These blinders effectively obstructed the animals' view but were novel and provided no known protective cover. In the study by Sharpe and Van Horne (1998) , winterfat (Krascheninnikovia lanata) blocked the view of Townsend's ground squirrels. This shrub is tall enough to be a visual obstruction, but the branches are not rigid. In our study, the major view-obstructing vegetation was big sagebrush, which has rigid branches and would presumably have been an obstruction for pursuing predators as well as reducing the ability of squirrels to detect predators. This suggests that the relationship between visibility and vigilance is complicated by the degree of protection afforded by the obstructing vegetation (Lazarus and Symonds 1992) .
Ground squirrels appear to be capable of adapting to variation in the structure of the vegetation. Our results suggest that Uinta ground squirrels will inhabit both grasslands and shrublands and that alterations to their environment resulting in an increase or decrease in shrubs will not necessarily have effects on population density or behavior, given that enough grasses remain in the understory to provide fattening seeds before hibernation and that the shrubs provide sufficient protection from predators to compensate for the negative effects on the animal's ability to visually detect predators. Indeed, the animals appeared to move between habitats frequently. The importance of grassland patches to sustain the grassy understory of intermingled shrub patches must also be understood to know how the scale of habitat alteration will affect ground squirrels. Future research should also investigate how sociality in general and alarm calling in particular can accommodate for reduced visibility and may influence the response of specific ground squirrel species to changes in predator detectability.
